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Carboxylic cationites and a method for their manufacture 



The invention refers to preparation of synthetic polymerized resins for ion exchange, 
namely, carboxylic cationites. These cationites are suitable for using in medicine, 
microbiological industry and food industry as sorbents for preparative separation and 
purification of biologically active compounds by low pressure liquid chromatography 
(U>LC) 

The directional porytneruation conditions make h possible to prepare cationites with 
polymeric structures which can be usod for separation of proteins and enzymes of 
high molecular mass (MM) from various microbiological raw materials and 
physiological liquids. 

Field cfthg Invention 

Carboxylic cationites for the separation and purification of biologically active 
substances are known and widely used for sorption and desorption of various organic 
substances like proteins and enzymes, and one of the advantages of these cationites 
lies in the fact that they do not cause denaturation of the proteins and enzymes in the 
course of separation. Unfortunately, the knowr>h>the-art carboxylic cationites are 
mostly defined by a macroporous structure which ha* a limited exchange capacity 
with respect to high MM proteins and therefore are less effective for separation of 
high MM proteins. 

Also described in the art are chromatographic methods based on ion exchange 
chromatography and employing sorbent- materials based on various polysaccharides 
known under the trade names sepharose, sephadex and others. Unfortunately these 
sorbent materials have only limited sorption ability and are incapable of biologically 
separating active substances from complex mixtures in the presence of mineral salts. 
Therefore they are ,useaU It should also be 

pointed out also that the chemical stability of these materials is low, and accordingly, 
their service life expressed as number of regeneration cycles is miufficient. 



There is a known-m-the-art process for the production of carboxylio cationhes 
bs disclosed in US patent No.4 12083 1 . This process involves the co-polymerization of 
methftcrylic or ncrytic acids with suitable crosslink agents. e.g., 
hexahydro~l,3 r S*triacry1oyhriazine (HTA), N,N -methytendyacryUrmde (MDAA), 
N f N*^yiendymtthacrulsinjde (EDMA), or N>N '^xamethylendynicthBcrylamide 
(HMDMA). 

The co-porymenxation is carried out m a water solution of acetic add having a 
concentration of 5-50 weight %. After the short period of pre^ryraeriretion the 
reaction mixture is dispersed within a dispersing medium which is liquid 
polyethyiensiloxane or pofymctylenaloxane. The resulting carboxylic can'oniles are 
obtained in a form of spherically-shaped granules. The carboxyHc cationhes prepared 
by the above described process do not possess sufficient sorption capacity required 
for the effective separation of proteins and enzymes. A possible reason for this is the 
surface tension of the reaction mixture created at the condition of c<^polymeriration 
carried out within a medium of liquid polysiloxane. Due to this tension the size of 
pores formed on the outside surface of granules is decreased. 

The further disadvantage of the known method is associated with the migration 
of components of the reaction mixture (cewnonomers and acetic add) into the 
dispersion medium. The migration occurs during the co*po1ymerization and makes it 
very difficult to prepare the final product with reproducible *tructur«l properties. 

^amtnarv of the Invention 

The main object of the present invention is to produce carboxylic cationhes and 
a method for their niarafecfuring which which win sufficiently reduce or overcome 
- the above mentioned disadvantages of knowu-in-the-prior art carboxylic cationhes. 

In particular, the main object of the invention is to produce for « new and 
improved carboxylic cationhe which has a high sortmon capacity with respect to high 
MM biologically active substances, e.g. proteins and enzymes. 

A further object of the invention is to produce a carboxylic cationite which can 
be eamry isi^ and Which is defined by a structure with 

reproducible properties. 

Still a further object of the invention is to produce a new and improved method 
for manufacturing of carboxylic cattonites which does not require the use of silicon* 



liquids as a dispersion medium and in which the particulate) cationitc it obtained by 
dispersion of the reaction mixture within an aqueous solution of a mineral sah. 

The above and other objects and advantages of the invention can be achieved by 
the following combination of its essential features which are summarized briefly. The 
reaction mixture of co-monomers is dissolved m a solvent, which can be chosen from 
the group comprising water, acidic acid having a concentration of 5-15 weight % or 
60-100 weigh percent, organic water-soluble solvents or organic water-insoluble 
solvents. 

Before dispersing of the reaction mixture within a dispersing medium the 
prc-porymeruation process is carried out at conditions enabling the obtaining of a 
high viscous polymeric structure The resulting particulate product consists of 
granules having irregular form with the mean size of 1*500 microns and defined by a 
porous structure. The size of pores varies between 2 to 500A- The resulting product 
has improved sorbtion capacity with respect to high MM proteins and enzymes and is 
suitable for isolation and purification of a wide range of proteins. 

Ptfrtlrtl Pmrtoljga vf SpwiPg Embodlmcntf 

The ability of a cerboxyltc cationite to selectively and efficiently absorb proteins 
and enzymes is associated with the chemical nature of the employed oo-monomers, 
the topology of the polymeric matrix. 

In order to increase the size of pores of the sorbent without substantially 
reducing the volume concentration of the functional groups m the polymeric matrix, 
the co-polymerization stage is carried out in a water solution of the acetic acid or in 
other water-soluble solvents such as dtmethUformarmde monobutyl grycblate, 
polyelbytengrycol or water-insoluble solvents, such as butyl alcohol, octyl alcohol, 
decyl alcohol. Each of these solvents can be used alone or in any combination thereof. 

Monovinyi monomers and a crosslink agent are employed as co-monomera. The 
suitable monovinyi monomers comprise methacryHc add, acrylic acid, 
methacryloylcaproic acid, metriacryloylaminobenzoic acid, mcthacryloylglyctne, etc. 
tliewmoiiomm The crosslink 

monomers suitable for the present invention comprise polyvinytmonomers such as 
HTA. EDMA, HMDMA, MDAA, triaalrylisocyanurate O'AIC), 



p-pheny]endimetlMicry1amid(p*PHDMA) benzidmedimelhacrylamxSc (BDMA) etc. In 
practice ft is advantageous to use HTA, EDM A and TAlC 

In order to initiate the polymerization process a free radical initiator such as a 
suitable redox system is used; e.g., ammonium pcrsulfate-sodhm methabisuJrtte, 
ammonium per sulfate, aj^obis(cyclohexanec«rbonitrilc), etc. 

The co-polymerization step is carried out within a solvent, which is chosen from 
the group comprising water, a solution of acidic add having concentration of 5*15 
weight % or 60-100. weight %, organic water-soluble solvents or organic 
water-insoluble solvents. The amount of co-monomers in the reaction solution should 
be 10-30 weight %. 

The dispersion step is carried out within a dispersing medium, which it an 
aqueous solution of inorganic salts. 

By virtue of the present invention it is possible to obtain oarboxylic cetionhes 
defined by reproducible properties and superior sorption performances in comparison 
to the cationttes prepared by the known-in-the-art method. For example, the bovine 
serum albumin sorption output obtained with the new carboxyiic catlonites was 1090 
mg/g whereas the sorbtion output achieved with the catiomtes prepared by dispersion 
in polysiloxane liquids was only 1 80 mg/g. . i 

It should be pointed out that the known methods employing polysiloxane liquids 
require washing the resulting cationite by petroleum, ether, acetones or other organic 
solvent. These solvents are flammable liquids and therefore appropriate precautions 
should be taken so as to carry out the process safely on an industrial scale. It can be 
readily appreciated that the necessity in additional safety measures complicates the 
whole manufacturing process and renders it more expensive. Since the present 
invention employs a dispersing media which docs not require washing in flammable 
solvents the proposed manuiactu ring method is simple, cheap and easily adaptable to 
an industrial scale. 

In practice the carboxyiic cationites of the present invention are manufactured 
by dissolution of the co-monomers, i.e., monovinyi monomers and a 
polyvinyl-comaining cross-link Agent, which are taken in the weight ratio from 8:1 
to16:l. The co-polymerization is carried out m the presence of an initiator of radical 
polymerization. The solution of the reaction mixture prior is subjected to ; pre* 
polymerization at a temperature of 20-25°C if the initiator hi a redox system or by a 



temperature of 50-60 °C if the initiator is ammonium persulfete or 
1 -1 **«2otris(cyck>hexanecarbonitnl). 

Then the reaction mixture is dispersed within the dispersion medium, which is 
20 weight % aqueous solution of sodium sulfate. 

The weight ratio of the reaction mixture to dispersion medium vanes from 1;3 
to 1:5 respectively. The obtained particulate cationhe is separated from the dispersion 
medium end washed out by water, 0.5-1N aqueous solution of sodium hydroxide, 
water so as to obtain pH 8, 1 N aqueous solution of hydrochloric a aid and again by 
water. 

After washing, the paniculate cationite is dried in open air and its structure 
parameters and performances are tested. 

The loose weight of a particulate cationite can be referred to as an index of 
porosity. In the present invention the loose weight was determined according to the 
following procedure; 

A sample fraction of air dried loose cationite with a particle size of about 100 
microns was put m a cylinder and the volume of the sample was measured. Then its 
weight was measured- The loose density was calculated by dividing the weight of the 
loose sample to its volume. The loose weight of the cationite of the present invention 
bes in the range 0.2 -0.7 g/ml, preferably being 0.4 -0.7 g/mJ. 

Thc swelling factor of cationites in the H+ form in water, as well in a phosphate 
buffer was measured by dividing the specific volume in the swollen state by the 
volume of the dried sample. The specific volume In the swoBen state was measured by 
dividing the volume of swollen sample by the weight of dry sample. 

Exchange capacity with respect to a sodium ion was defined by using a 0.5 N 
solution ofNaOH in the presence of 0.1 N solution of Nad 

Sure of pores was measured by scanning electronic microscope on samples 
prepared in accordance with the following procedure. The sample of a cationite is 
held within 50 weight % acidic acid for 5 hours. The sample is dehydrated gradually 
in ethanol. Very thin slices are cut and treated by lead citrate so as to improve 
contrast. Before carrying out the measurement the sample is fbced by the solution of 
osmium oxide and uranilacetete solution. 

The new carboxyiic cationhes are obtained in particulate form with particle state 
1-500 microns and are defined by good hydVodynarmc properties. They have 



insignificant swelling change (1.2-1.8) due to transformation from the H+ form into 
hydrogen-sodium form upon changing the pH value from 4 to 7, ix. under the 
conditions of the sorption-desorption process. This property is in accordance with the 
requirement of reversible sorption of proteins and enzymes within the pH range from 
4 to 7. The cationites are chemically stable in the pH range of 1*14 and enable many 
cycles of regeneration. The cationites are thermally stable at 125°C. The flow rate of a 
solution, containing biologically active substances, passed through the column filled 
with a carboxylic caitonite of the present invention varies in the range 200* 300 
ml/brcm* depending on the structure of the cationite and when the cationitc is in the 
hydrogen form in the swollen state. The important advantage of the cationites of the 
present invention is their ability to absorb selectivity and fully reversibSy the proteins 
and enzymes of various nature and molecular weight from sah solution. Therefore one 
of these sorbents may eliminate the necessity for desalination of the starting mixtures 
prior to the process of ion exchange separation. The new cationites have been shown 
as having high sorption ability with respect to various proteins. For example, the 
sorption output with respect to Hemoglobin (Hb) is 220 cng/ml, with respect to Bovin 
serum albumin (BSAJ is 160 rag/ml, with respect to 7- Globulin (7- d) is SO. 5 rag/ml, 
with respect to Human serum albumin (HAS) is 70 rngftnl. and with respect to Goat 
serum albumin (GSA) is BOmg/ml of swollen sorbent. By using carboxyUo cattonttes 
of the present invention it was possible to isolate and purify the immunoglobuKne Gl 
(Ig Gl) from raw mouse ascites fluid with 95.8% purity and about 100%. yield 
(determined by EUSA analysis) thus avoiding additional purification stages. Sorbents 
of this invention are advantageous for use in low pressure liquid chromatography 
(LPLC) for industrial separation and purification of proteins and enzymes 'from 
naturally-occurring sources, as well as for preparative purposes for manipulation with 
proteins, enzymes and oligopeptides. 

This invention will be further illustrated by the following examples* which by no 
means limit the scope of the invention 

Example 1 f 

250 ml of 20 % sodium sulfate solution are pewed mto a 500 ml flask provided 
with a stirrer, an inlet pipe for argon and a dropping funnel, and argon is bubbled for 
30 minutes. The sodium sulfate solution will be used as a dispersing medium. 
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At the same time in a current of argon charged into the dropping funnel are 

charged JO ml of methacrytic acid, l.Z2g of HTA and 45.5 ml of water. After 

dissolution of these co-monomers into the funnel an initiator is added, s.e . 0.0426 g 

of ammonium porsulfate and 0.0143 g of sodium rnethabwilflte. The solution of 

5 reaction mixture is maintained in the tunnel at a temperature of 22*C for 5-7 minutes : 

Then the resulting pre-polymer is poured into the dispersion medium under stirring 

with velocity 800-1000 rpm for 40 minutes Further, the flask temperature is 

increased to 60°C and the resulting suspension is stirred at this temperature for 30 

minutes. Then the flask temperature is increased to 100°C and the suspension is 

|0 maintained at this temperature under stirring for one hour. After cooling to room 

temperature the resulting cationhe particles are separated from the dispersion medium 

and washed out with water, IN solution of sodium hydroxide, water to pH 8. IN 

solution of hydrochloric acid and with water. The yield of certiorate in the air-dry state 

i 

is 10.9g which is 96%; The predominant particle size Is 1 00-200 um. The exchange 
g 15 capacity with respect to a sodium ion is 10.3 mg-equrv/g of sorbent. The swelling 

■p tact or of the cationhe in the H-fbrm m water is 4.5. The swelling factor of the 

cationhe in the H- form in a phosphate buffer (pH7) is 6.6. The specific volume in the 
swollen state is 6.5 tnl/g. The sorption capacity with respect to BSA (MM 66000 > is 
HSgAnl, to Kb (MM 66000) is DOg/ml, to y-Gfb (180000) if 80.5 g/rnl of swollen 
20 sorbent The yield of p ro t ein s upon absorption is 97*100%. 

i ■ 

example 2 

250 ml of 20% sodium sulfate solution are poured into a 500 ml flask provided 
with a stirrer, an inlet pipe for argon and a dropping funnel, and argon is bubbled for 
25 30 minutes. The sodium sulfate solution will be used as a dispersing medium. At the 

same time in a current of argon into the funnel there are charged 10 ml of methacryiic 
acid, l.Z2g of HTA and 45.5 ml of 70% acidic acid. After dissolution of the 
co-monomers into the funnel an initiator is added, i.e.. 0.0569g of 
l-razobis(cyclobexariccarbonitrile). 
30 The solution Of reaction mixture is maintained in the funnel at a temperature of 

22*C for 5-7 minutes. Then the resulting pre-polymer is poured into the dispersion 
medium under stirring with velocity 800-1000 rpm for the 10 minutes. Further, the 
flask temperature is increased to 60°C and the resulting co-polymer suspension is 



stirred at this temperature for 40 minutes. Then the flask temperature Is increased to 
IO0°C and the copolymer suspension is maintained at this temperature and under 
stirring for one hour. Alter cooling to room temperature the cationite particles are 
separated from the dispersion medium phase and washed out with water. IN solution 
of sodium hydroxide, water to pH 8, IN solution of hydrochloric acid and with water. 
The yield of cationite in the air-dry state is 10. 9g which is 95%. The predominant 
particle size is 100-200 microns. The exchange capacity with respect to a sodium ion 
is 10.23 mg-oquTv/g of sorbent. The swelling factor of the cattonite in the H-form in 
water is 3.3. The swelling factor of the cationite in the H- form in a phosphate buffer 
(pH7) is 6. Specific volume in the swollen state is 7ml/g. Sorption capacity with 
respect to BSA (MM 66000) is 80g/ml, tor-Gib (MM1 80000) is 75.4 g/ml of swollen 
sorben. The yield of proteins upon desorpiion is 97-100%. 

i 

Example 3 

250 ml of 20% sodium sulfate solution are poured into a 500 ml flask provided 

i 

with a stirrer, an inlet pipe for argon and a dropping funnel, and argon is bubbled for 
30 rranutes.Thift solution will be used as a dispersion medium. 

At the same time in a current of argon into the funnel there arc charged 10 ml of 
methacryiic acid, 1 22g of HTA and 45.5 ml of 5% acidic acid. After dissolution of 
the above co-monomers into the funnel an initiator is added, i.e., 0.0426g of 
ammonium per sulfate and 0.0143 g of sodium methabisulfite. The solution of reaction 
mixtu r e is maintained in the funnel at a temperature of 22°C for 5-7 minutes. Then the 
resulting pre-polymer is poured into the dispersion phase under stirring with a velocity 
of 900*1000 rpm. Thereafter co-polymerization of the resulting suspension is carried 
out by a temperature 22'C under the stirring for 40 minutes. Further, the flask 
temper a t u re is increased to 60°C and the suspension is stirred at this temperature for 
30 minutes. Then the flask temperature is increased to 100^C and the suspension is 
maintained at this temperature and under stirring for one hour. After cooling to room 
temperature cattonite panicles are separated from the dispersion phase and washed 
out with water, IN soUrtioo of sodium hydroxide, water to pH 8, IN solution of 
hyoVcchlpric acid and with water. The yield of cationite in the air-dry state ts-10.Bg 
which is 94.5%; The predominant particle size is 100-200 microns. The exchange 
capacity with respect to sodium ion is 10.3 mg-equiv/g of sorbent. The swelling factor 



of the cationite in the H-forra in water is 4.1 . The swelling factor of the cationite in 
the H-form in a phosphate buffer (pH7) is 5.7. Specific volume in the swollen state is 
6 ml/g Sorption capacity with respect to BSA (MM 66000) is 180g/mJ, to Hb (MM 
66000) is 22Qg/rnJ, to 7-OIb (MM 180000) is 60 g/mt of swollen sorbent. The yield of 
proteins upon desorption is 97- 100%. . 1 

Example 4 

250 ml of 20% solution of sodium sulfate are poured into a 500 ml flask 
provided with a stirrer, an inlet pipe for argon and a dropping funnel, and argon is 
bubbled for 30 minutes. This solution will be used as a dispersing medium. At the 
same time in a current of argon into the funnel there are charged 10 ml of rnethacrylic 
acid, 1 ,22g of HTA and 45.5ml of a solvent, consisting of 44.5ml of water and 1ml of 
polyetbylengjycol. After dissolution of the above co-monomers into the funnel an 
initiator is added, i.e.. 0.0569 g of ammonium persulfate. The solution of reaction 
mixture is maintained in the funnel at a temperature of 50~C for 5-7 minutes. Then the 
resulting pre-polymer is poured into the dispersion phase under stirring with a velocity 
of 800-1000 rpra for 10 minutes. Further, the flask temperature is increased to 60 C C 
and the copolymer suspension is stirred at this temperature for 40 minutes. Then the 
flask temperature is increased to 100°C and the suspension is maintained at this 
temperature and under stirring for one hour After cooling to a temperature of 25 *C 
the cationite particles are separated from the dispersion phase and washed out who 
water, IN solution of sodium hydroxide, water to pH 8. IN solution of hydrochloric 
acid and again with water. The yield of cationite in the air-dry state is 10.95g which is 
96.3%; The predominant particle size is 100-200 microns. The exchange capacity 
with respect to sodium ion is 10.3 mg-equrv/g of sorbent. The swelling factor of the 
cationite in the H-form in water is 1.4. The swelling factor of the cationite in the In- 
form in a phosphate buffer (pH7) is 2. Specific volume in the swotlen state is 4.3 ml/g. 
Sorption capacity with respect to BSA (MM- 66000) is 90g/m1 # to f-Glb (MM 
180000) is 64 g/mJ of swollen sorbent. The yield of proteins upon desorption is 
97-100%. 



Examples 



250 ml of 20% solution of sodium sulfate arc poured into a 500 ml flask 
provided with a stirrer, an inlet pipe for argon and a dropping funnel, and argon is 
bubbled for 30 minutes. This solution will be used as a dispersing medium. At the 
same time in a current of argon into the funnel there are charged 1 0 ml of rnethacrylic 
acid, 1.22g of HTA and 45.5ml of a solvent, consisting of 44.5ml of2-butyl alcohol. 
After dissolution of the above co-monomers into the runnel an initiator is added* i.e., 
0.0569 g of l,razobis(cydohe^ccaxt)om solution of reaction mixture is 

maintained in the funnel at a temperature of 60°C for 5-7 minutes. Then the resulting 
pre-poryrner is poured mto the dispersion phase under the stirring. Thereafter 
co-porymeruaUon is carried out in suspension at 22 X under stirring whh a velocity 
of 800-1000 rpm for 10 minutes. Further, the flask temperature is increased to 60 °C 
and the copolymer suspension is stirred at this ternperature tor 40 minutes. Then the 
flask temperature is increased to 100X and the suspension is maimamed' at this 
temperature and under stirring for one hour. After cooling to a temperature of 25 °C 
the cationite particles are separated from the dispersion phase and washed out with 
ethyl alcohoUwater. IN solution of sodium hydroxide, water to pH 8. IN solution of 
hydrochloric acid and again with water. The yield of cationite in the air-dry state is 
10.85g which is 95.4%; The predominant particle su» is 100-200 microns. The 
exchange capacity with respect to sodium ion is 10.3 rag-equiv/g of soihent: The 
swelling ftctor of the cauonhe m the H-fonn in water is 3 2 The welling ftotor of 
the cationite in the H- form in a phosphate buffer <pH7J is 5.6. Specific volume in the 
swollen state is 6.5 ml/g Sorption capacity with respect to BSA (MM- 615000) is 
40g/tru; to T-<Hh (MM 1 80000) is 34 g/ml of swollen sorbent. The yield of proteins 
upon dcsoiption is 97-100%. 
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Defects in the images include but are not limited to the items checked: 

[a BLACK BORDERS 

^ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



